In order to construct a color model of rice leaf based on physiology and ecology, a modeling method based on SVM and BP neural network was proposed for the relationship between the chlorophyll, carotenoid of rice leaf and its RGB value. The chlorophyll a, chlorophyll b and carotenoid were used as model input parameters, the R, G and B values of the rice leaf image were used as the model output parameters respectively and the corresponding RGB component values of leaf image were predicted by using SVM and BP neural network. The results show that the prediction accuracy of BP neural network is significantly higher than that of SVM. The research can meet the needs of agriculture research and provide a theoretical basis for rice leaf color simulation modeling. It also provides a theoretical basis for the digitization and visualization of plant growth. The research method has good universality and generalization.
Introduction
Leaf is one of the most important organs of plants, and its color and texture are not only the important external features of leaf, but also closely relate to their physiological status. And the dynamic change process of leaf color is of great significance to the digitization and visualization of plant growth. Some studies have shown that the uneven distribution of chlorophyll concentration and carotenoid concentration results in uneven distribution of leaf surface color. The chlorophyll and carotenoid of leaf has a high correlation with its surface color. At present, many scholars have done a lot of research on the color of plant leaf. GONG, et al [1] , used the statistical regression principle to construct the relationship between SPAD value and RGB value of rice leaf, and simulated the leaf color change during rice growth. LIU, et al [2] , used BP neural network to realize the computer vision system to describe RGB color space, and proposed the method of measuring the content of chlorophyll in computer vision. Riccardi M, et al [3] , evaluated the leaf chlorophyll content of the quinoa and amaranth through the RGB image components by using the simple and multiple regressions. HE, et al [4] , used RGB chlorophyll meter to measure the content of chlorophyll. With the development of science and technology, many scholars have applied SVM and BP neural network to various fields of agriculture. CHEN, et al [5] , predicted water consumption of winter wheat by using BP neural network. WANG, et al [6] , proposed a method of cotton moisture detection based on BP neural network. SUN, et al [7] , used SVM to predict leaf nitrogen content in rice by collecting rice canopy spectral reflectance. YU,et al [8] ,proposed a recognition method of wheat leaf disease based on SVM.
In summary, BP neural network and SVM are widely applied in the agricultural field. However, the simulation of plant leaf color focused on statistical regression analysis. Recently, it has not been reported that the model based on the relationship between the content of chlorophyll, carotenoid and the color value of the image can be constructed by machine learning. In this paper, the relationships of them were analyzed by data obtained from rice cultivation test. And the color model of rice leaf based on SVM and BP neural network was constructed. It provides a theoretical basis for the study of virtual rice growth system based on physiological and ecological characteristics. In the shortening of the research cycle of the premise, the quantitative test results and virtual experience of the sensory perception are obtained by the complex and long cycle of life science research under the control of quantitative spatial and temporal coordinates. And also provides a new idea for plant leaf color modeling.
Materials and Methods

Test Scheme
Rice variety Jinyou 458 which was widely popularized in Jiangxi Province was planted in the agronomic experiment station of Jiangxi Agricultural University. The experiment was carried out from April to July in 2015. The contents of experiment were chlorophyll a, chlorophyll b, and carotenoid and RGB values.
Data Collection
Rice was tested in vitro and the test content were chlorophyll a, chlorophyll b, carotenoid (spectrophotometer) and the RGB value of leaf digital image of rice leaf (Epson V300 flatbed scanner scan). The absorbance of rice leaf pigment extraction with maximum absorption wavelength was determined by spectrophotometer, carotenoid was 449nm. However, the chlorophyll a and chlorophyll b had two maximum absorption, 645nm and 663nm respectively. Therefore, the absorbance of the extraction wavelengths of 645nm and 663nm was measured; the content of chlorophyll a was calculated by subtracting the absorbance at 663 nm and 645 nm of chlorophyll b. A digital image was obtained by scanning rice leaf with an Epson V300 flatbed scanner. After processing, the mean values of R, G and B corresponding to the three position images were obtained.
BP Neural Network
BP neural network is a multilayer feed forward neural network. The main characteristics of the network are the signal forward transmission, error back transmission [9] . It is one of the most widely used neural network models. Its topological structure is shown as in Fig. 1 . BP neural network must first train the network and then predict, the training process is as follows.
1) Initializing the network, initializing the threshold of the hidden layer and the link weights between the neurons of each layer, giving the learning rate and iteration times, we can get the output value of the hidden layer.
Hj is the output value of the hidden layer, wij is the link weights of the hidden layer, xi is the input variable, aj is the threshold value of hidden layer, l is the number of neurons in the hidden layer, f is the activation function of hidden layer, and the function used in this paper is as follow. O is the value of the output layer , wjk is the link weights of output layer, bk is the threshold value of output layer, m is the number of neurons in the output layer.
The error is calculated by the expected output value and the predicted output value of network. If the error is less than error performance target, the learning is finished and the optimal threshold value and weight are obtained. Otherwise, the error signal is propagated in the opposite direction, and the link weights and threshold values of the layers are adjusted according to the error until the error is less than the error performance target or the algorithm iterates reach the maximum value.
In this paper, the BP neural network structure diagram is shown in Fig. 2 . In Fig. 2, X1, X2 , and X3 are chlorophyll a, chlorophyll b and carotenoid, respectively, and Y is R / G / B value.
SVM
Support vector machine (SVM) contains three ideas: the concept of optimal hyperplane, soft space, and kernel function [10] . SVM is a machine learning method based on small sample. It successfully solves the problem of learning on small samples, and obtains the global optimal solution under the condition of small samples. Applying the technique of kernel function, the low-dimensional space is mapped to the high-dimensional feature space by non-linear transformation, which avoids the problem of dimensional disaster. However, when the sample size is large, the convergence rate is slow and the efficiency is low.SVM topology is shown in Fig. 3 . 
Results and Analysis
To eliminate the influence of different dimensions on the results,520 sets of data obtained in the experiment are normalized. The first 480 sets of data are the training sample sets and the last 40 sets of data are the test sample sets. SVM and BP neural network models are constructed.
For SVM, the type and the parameters of kernel function are related to its performance. This paper adopted the RBF kernel function and the grid search algorithm. The algorithm is used to optimize the coefficient C in the regression model and the coefficient g in the kernel function. The cross-validation method is used to obtain the global optimal solution. Finally, the optimal R model, G model and B model of the regression model are selected.
The number of neurons in the input and output layer are fixed in the BP neural network. In the R, G and B model, the number of neurons in the input layer are 3, which respectively represent the chlorophyll a, chlorophyll b and carotenoid of rice leaf. The number of neurons in the output layer is 1, which respectively represent the R value, G value and B value of rice leaf color image in the three models. According to the empirical formula mentioned in the relevant literature, the number of neurons in the hidden layer is 5.The transfer functions of hidden layer is logsig and output layer is purelin, BP training function is traingdx. The maximum number of iterations is 10000, the learning rate is 0.1, and the error performance target is 0.00004.
The predicted values of the test samples obtained by SVM and BP neural network value are shown in Fig.4 . From Fig.4 and Fig.5 , as for the R value and G value, the prediction of SVM model and BP neural network model is good. However, neither SVM nor BP neural network prediction on B value is effective. In order to more intuitively compare the advantages and disadvantages of the two models, the average absolute error (MAE) and mean relative error (MRE) between the real value and predicted value of R, G and B value are calculated respectively. The comparison table is shown in Table 1 . In summary, the model based on BP neural network can better predict the R, G and B value of rice leaf color image. It has good prediction accuracy.
Conclusions
Rice leaf color is an important indicator reflecting the growth status of rice. It is also an important organ for virtual rice visualization. The relationship between chlorophyll a, chlorophyll b, the caroteneoid and the RGB value of leaf color components of rice leaf was constructed by using SVM and BP neural network, and the RGB value of leaf color was predicted. The results show that both the SVM and the BP neural network model well predict the R and G values in the leaf color image. And the predictive precision of the model constructed by BP neural network is higher than that of SVM. For the B value of the leaf color image, the two models are not good enough to predict and the error is relatively large. The measured range of B value is limited to 25 ~ 38, the computer simulation of rice leaf color modeling can take its mean (about 33) and the change of rice leaf color was mainly determined by its R value and G value. In future research, other machine learning methods can be used to predict the B value. And BP neural network algorithm itself also has the limitation, its initial weights and threshold values are random. In the future, genetic algorithm can be used to optimize the initial weights and threshold values of BP neural network in order to achieve better predictions.
